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TAX DEPRECIATION POLICY AND INVESTMENT MORY*

by

Vernon L. Smith
Purdue and Stanford Universities

In a recent paperl I expressed the somewhat unconventional view that
perhaps businesses should be permitted to depreciate or write off invest-
ment expenditures as rapidly as they please, including the extreme policy
of treating such capital outlays as an ordinary business expense in the
year inourred. The latter policy would be ostensibly2 the most advanta-
geous, given this freedom of choice. The only qualification mentioned
wvas that provision should be made for the loss carry-over or carry-back
of tax credits so that an otherwise rational managerial decision to incur
heavy investment outlays in a year of low sales would not be artificially
prejudiced by tax considerations. This is an issue of great currency as
evidenced by the announced intention of the U. 8. Treasury to liberalize
present tax depreciation rules. The view that we might seriously consider
permitting such wholesale tax depreciation freedom appears to be suggested
by the present value theory of investment decisions. The issue might be
approached with entirely different considerations and motivations in mind,
but the present paper will be confined to a discussion of tax deprecia-
tion policy within the framework of the theory of investment of the firm.

It is assumed throughout that it is desirable to impose taxes on business

This work was supported in part by Office of Naval Research Contract
Nonr-225(50) at Stanford University. Reproduction in whole or in part
1s permitted for any purpose of the United States Government.



income in such a way that the structure of optimal investment decision
rules is not altered by the tax.

By way of motivational argument it should be emphasized that the
present value theory of investment decisions makes no use of the concept
of depreciation as & write-off phenomenon, though it is possible to inter-
pret various approaches to the so-called depreciation problem in terms of
this theory. Taxless investment theory treats all receipts and outlays
as cash inflows and outflows at the instant received or expended, and
seeks to maximize the present worth of this lumpy net cash inflow. Sunk
investments enter this stream only to the extent that they contribute to
current receipts, current expenses, and provide lump-sum disinvestment
receipts through salvage or resale. The capital outlays for sunk invest-
ments do not enter the future income stream and do not affect investment
decisions. However, as we shall see, once taxes are introduced, invest-
ment decisions may be influenced by the cost of capital outlays for sunk
investments. This is because the tax laws do not permit the cost of
capital goods to be treated as an ordinary expense. The common practice
is to permit capital costs to be written off or depreciated over time in
accordance with some specified set of tax depreciation rules. It will be
shown that this practice leads to bias in the form of investment decision
rules different from those prevailing in the absence of a tax, that the
bias is likely in the direction of delaying optimal investment timing,
and that such biases can be removed by expensing investment outlays in
the computation of taxable income. In deriving these results, we shall
work first with an essentially static Preinreich-Lutz-Terborgh replace-

ment model, then with & more general dynamic model in which price,
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current input, investment level and investment timing are joint decision

variables in maximizing the present value of net income after taxes.

1. Taxes in a Simple Replacement Model

Let Ro(t) be the net revenue at time t of a sunk investment in
a productive facility, and let MO(LO) be its market value as a function
of the additional time it is held. After Lo

a new asset, and thereafter every L years in a chain of assets, where

years, the firm invests in

R(Lo + kL,t) 1is the net revenue of the k+1®® member of this chain.
The shift parameter k permits the effect of technological change to be
represented. The initial investment in each of these future assets is

C and they are assumed to bring a market price M(L) after being held

I, years. The firm is assumed to maximize3
L -rL -rL
(1) va=[OR(t)e™tat + M (L)e C+e Oy ,
0 0 0o o
where
L

R(Lo + kL,t)e'rtdt -C+ M(L)e-rL}

v ov
with respect to Lo and L . By setting si; <0, and xI= 0, the

optimal replacement condition can be written
1 ov' .
(3) r[RO(LO) + Mé(LO) + FL;] -V hY Mo(Lo) ’

where V' now stands for its optimal value, that is, (2) is evaluated
)

at the L for which ;‘I" = 0. If the inequality holds in equilibrium,

then Lo is zero, that is, the incumbent asset is overdue for replace-

ment. Statement (3) is the "programming" form of the familiar conditions
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for replacing an asset. An old asset should be replaced by its most
attractive alternative, when the net contribution to the present worth
of the firm caused by holding the asset an additional year does not
exceed the market value of the asset.

In considering the effect of taxes, suppose we assume that invest-
ment outlays are expensed in arriving at taxable income, and that a
constant tax rate @ is applied to such income. Then at time t, where
0<t<L, the tax paid is «a Ro(t); at L., the tax is

0 0

aR(Lo,o)+auo(Lo) -aC; at Ly+t, 0<t<L,, the tax is

a R(Lo,t); at L, + L, the tax is « R(Lo +L,0) + ML) -aC, and
so forth. By computing the present worth of these future tax payments
and subtracting from V, given by (1), we get 11', the present worth of

earnings net of taxes, which reduces to

() TT=(1-ay

Hence, maximizing 1'[ with respect to Lo and L leads to a decision
rule identical with (3) obtained by maximizing the taxless present value
A

Consider next the policy of requiring the firm to follow any arbitrary
investment depreciation rule for tax purposes. In general, such a rule
specifies the write-offs as a function of time, and investment cost of the
asset. Some specification is also normally made as to the appropriate
bookkeeping adjustments when the asset is sold. Also, there is typically
some minimum time period based, e.g., on average or "normal' asset life

expectancy, during which the asset is to be depreciated.h Such rules

define a tax depreciation function which, in general, we will write in

le



the form d, = d[co,Mo(Lo), u+ t] for a sunk investment u years old
at the opening of the planning period, and d = d[C,M(L),t] for the
chain of future replacement investments. Then the expression for the

present value of profits after taxes becomes

¥*
(5) ” =V-ayYy ,
where V 1is defined by (1), and the present value of taxable income Y
is given by
L -rL
(6) - J’ 0 [Ry(t) - dO]e'rtdt +e Oy
0
where
Qo L
(7) 'O e'rkLJ [R(L KL, t) - d]e™ Fat
k=0 0
It is useful to define
L -rL -rL
(8) A= I 0 4, e T4t + My(Ly)e Ove O4p ,
0

where

(9) A = Ot e THL U
k=0

Using (6)-(9), we can rewrite (5) in the form

L
de Tt - ¢ + M(L)e-rLl
0

*
(10) [T =(Q-a)V+aa
*
Now, maximizing T with respect to Lo and L gives
- od -rL
oV Ty Lo %9 _r¢ , 0
(ll) (l-a) Eo < -G [d.oe + Jo FL; e dt + Mo(Lo)e

-rL -rL
0 0 ,,
- rMO(LO)e - re A ] ,



-rL0
(12) (1-a) a{ = ﬁ_?i— [de-rL + 5
l-e

L

g% e Yt + M'(L)e-rL
0

- rM(L)e'rL - re-rLA']

We see immediately that (11) is not the same as the taxless decision

rule (3) obtained from g%— <0, and (12) will not in general give the
0

taxless solution for L obtained from g% = 0. In particular, note

that the cost of the sunk investment, C may enter the decision via

o’
the depreciation function do
To illustrate specifically what might be the effect of the tax
depreciation component, shown on the right side of (11), on the invest-

ment decision, let us assume that the Treasury requires the use of
straight line depreciation, and specifies that the proceeds from the
sale of used equipment areto be counted (less any undepreciated portion

of the original cost) as ordinary income at the time received. Then

our tax depreciation functions can be written:
(%
L3
dy = d[Co,Mo(Lo),u+t] ={o |, Lt - ugt <L

»y 0<t < Ls -u

-MO(LO)’ t = L

0
C
ix , 0 <t <L
d = d[C,M(L),t]) = | O , L¥ <t <L

'M(L) y t=L ,

where L6 and L* are the minimum write-off periods specified by the

taxing authorities for the two types of facilities, and it is assumed



that L*<u+L,, L¥<L . Then

(o} (o]
Co e-r(Lg-u) rLo
- 1]
A=L—g T + e A
and
-L*
C l-e
A' = -rL{ o 1‘ <0 ,
l-e

where it is understood that when A and A' 1in (8) and (9) are

evaluated at t = Ly and t=1, the point values -Mo(Lb)e o
and -M(L)e'rL are contributed by the corresponding integrals of d.o
and 4
Assuming an interior solution, (11) becomes
(13) (1-@) a‘l{ =-Q gﬁ— = Q re.rLo A'
(o] 0
- 3 -r(L*LO) '
Similarly, (12) becomes (1-a) 3 = - @ 3{- =2 rel- — A" O gy
differentiating these conditions in the usual way weecan determine

dL
expressions for 35? and g%, but, in general, the signs of these

derivatives are not unambiguously positive or negative. However, if
ve assume that the present equipment is like the replacement equipment,
then we have only the one decision variable, L = u + L.. Maximizing

0
V' gives (l-a) aV'= - oA' and differentiati ve get
g af oL ng, ge

3 1 OA'
L 1-a 9
3% = L > 0, since the denominator must be negative
Fvr P
(1-a) —2%- +a-—2—-
oL oL



-rLA,
-rL

OA' Q re

for a maximum and =" > 0. But note that if we have no
l-e

taxes (o = 0) or, alternatively, if we expense capital outlays, we
have g%'= 0 in equilibrium. Hence, the partial equilibrium effect
of straight line tax depreciation over a period shorter than the
optimal life of equipment is to postpone reinvestment, as against
optimal reinvestment under no taxes or taxes levied on income net of
expensed capital outlays.

Using equations (11) and (12), it is reasonable to inquire as to
whether it is possible to find tax depreciation functions which
produce no bias in the investment decision rules. The conditions for

)
such bias not to appear are obtained by setting 3%- , the right side
0

of (11), equal to zero, and g% , the right side of (12), equal to
zero. Solutions to the resulting differential equation conditions on
d0 and d can be written:

L
(14) J’ a[c,M(L),tle "t = ¢ - M(L)eFT
0

-rL

u 0

L
0 -rt r
(15) Jo A[CysMy(Ly),u + tle™Mat = ce™ - M (L)e

u

-rt
- jo d[CO,MO(LO),t]e it ,
in which we make use of the administrative constraint that the
depreciation rules are not to be different for sunk and replacement
investments.6 The solutions (14) and (15) can be verified by
differentiating and substituting into the right sides of (11) and (12)

to yield zero. Hence, any depreciation function whose present value
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over the optimel life of the asset is equal to the asset's cost plus the
present worth of its salvage or resale value at the end of its life, has
the property that it will not alter the investment decision rules. This
result, though not perhaps very unexpected, also does not seem very use-
ful in providing neutral tax depreciation guidelines within the frame-
work of present tax depreciation policy. The requirement that the
write-off must occur over the optimal equipment life for each firm,
rather than some industry average, is hardly practical. For example,
one tax depreciation function satisfying (14) and (15) is

-r(Lo+u)

-rL rC.-rM.(L.)e
d:EC_‘I‘_”g:L&_,ost<L, or dj = c 0%
l-e l_e-r(Lo+u)

0<t< LO’ which is just the annuity value of the investment cost net
of salvage value. But to specify such a write-off allowance in the

form of legal rules is hardly feasible, since L will normally vary
among industries and firms for the same type of equipment. The simplest

tax depreciation function satisfying (14) and (15) is of the form

o t=0
d=(0 0<t<LlL
-M(L) t=1

which is precisely the proposal for expensing capital outlays. This
policy is quite easy to specify and to administer. We simply rule that,
for tax purposes, the cost of an asset is deducted when that cost is
incurred.

2. Taxes in a Dynamic Model

The previous model does not allow for level of investment decisions,

and it does not distinguish explicitly technological data from economic
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(price) data in investment decisions. To show under more general
conditions that investment decision neutrality requires assets to be
expensed for tax purposes, we will first construct a dynamic model in
which current price, current input, investment level, ard investment
timing policies are simultanecusly determined.

Of the many possibilities that might be considered we will use a
simple finite horizon model, in which it is assumed that at the opening
of the planning period the firm has a sunk investment in ii physical
units of the capital facility, and that at most, one additional invest-
ment in X2 units of the capital facility is to be considered in the
planning period.7 If the horizon is T, then the new investment is
to occur at some time Tl’ where O < Tl < T, to be determined. We
also allow for the discard or sale of the sunk investment at Ti »

Tl < Ti < T, to be determined. These specifications divide the planning
interval into three operating periods. In the first period, O <t< Tl’
we have the short-runex post production function y(t) = fl[xl(t),ii],
where xl(t) is a current input, and X, is fixed. In the second

1
period, Tl <t < T, the technological alternatives are described by
the ex ante production function y(t) = fl[xi(t),il] + fe[xé(t),xz],
reflecting the parallel operation of old and new facilities. The
functions fl and f2 are assumed, in general, to differ and to show
increasing returns. In the final operating period, Ti <t<T, the
o0ld facility has been "phased out," and the production constraint
becomes y(t) = f2[x2(t),X2] - If W, end W, are the prices of the
sunk and replacement investments, respectively, S, and 82 are their

1

fixed resale values, w 1s the price of the current input, and
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Rly(t),t] is the dynamic revenue function for the product, then the

present value of the firm's profit can be written

7
(16) V = J‘OI{R[fl[xl(t),il],t] -w xl(t)} e Tat

T’

+ I 1{ n[fl[xi(t),‘xl] + f2[xé(t),x2],t] - wixl(t) + xé(t)]}e‘rtdt
T
1

+ JZ'{R[fE[xz(t),XQ],t] -w x2(t)} e Ttat

1
-rT -rT.
1 = 1 -rT
- Wéxa e + slxl e + 82X2 e
Rly{t),t
Price, p(t) = vt , and current input rates in each period

are assumed to be instantaneously variable, and their time paths are to

be chosen, while the planning period levels of X., and I& are to

l)

be chosen. From the Euler conditions, we can write the following

dynamic marginal revenue productivity conditions on the time path

variables:
oR w

(17) NETTT—— ; O <t<T
Yook (6),%)] '
oR W W

(18) = —_— = T, <t<T
¥ (%) lglox] L 1
oR W .

(19) 3 ; TyStgT

Pl (t),%,]

From setting the derivatives of V with respect to Tl’ Ti and
x2 equal to zero, we write the following necessary conditions for

maximal investment level and for the timing of new investment and the
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sale of the old capital facility:

2 -rt 2 -rt
r owiS[x)\(t),X, ]e "4t T wi[x,(t),X, ]le " “dt -rT
(20) jl "2’2‘2 2 +S 222 2 e 1_82e
T, fl[xé(t),XE] T fl[xe(t),xe]

il
w0
Fo]

(22)  E{Ry(m) - my(m) + wlx(m) - (2 - <N = 8%,

vhere Rl’ é, and R2 denote respectively the revenue functions in
1
the three integrals of (16). In the notation f£7, fg, etc., the sub-

scripts refer to the derivative with respect to the first or second

2
. 2, _of
argument of the production function, e.g., fl[xz(t)’x2] = 3;; .

Equations (17)-(19) are the familiar conditions for equating
instantaneous marginal cost and marginal revenue. The second equality
in (18) also expresses the equi-marginal cost loading condition for
multiple parallel facilities. (20) expresses the less familiar
condition that the size of an additional capital facility is expanded
until the present worth of the operating cost savings effected by an
increment of the capital equals the present worth of the net cost of
that increment (capital cost net of discounted resale value). (21)
says that if a new facility is to be purchased, it must be at that
point in time, T&, when the capitalized value of the initial gain in
net operating revenue equals the investment outlay for the facility.
The discard condition (22) is symmetrical to (21). It requires an old
asset to be discarded when the capitalized value of the initial loss

in net operating revenue equals the resale value of the asset. These
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conditions could be Kuhn-Tuckerized by adding inequalities, but this
refinement is not necessary to the purpose at hand. For example, if we
had "<" instead of "=" in (21), then T, = O, and the new facility
would be added at the opening of the planning interval. It should be
remarked that there may be many solutions satisfying these necessary
conditions. In particular, if the requirements function y(t) 1is not
monotone, one should anticipate the likelihood that several Tl and Ti
values might satisfy (21) and (22). Such difficulties seem inevitable

in dynamic decision problems.

Returning now to the tax depreciation problem, it is clear that if
all capital outlays and receipts are expensed for income tax calculations,
then profit after taxes is || = (1-a)V, and maximizing _rT gives the
conditions (16)-(21). On the other hand, suppose the Treasury specifies
that an asset must be depreciated over some write-off interval. Then
we might express the general tax depreciation functions for the two
types of assets in the form dl = d(wlii,sl ii,u+t) and
4, = A(WX,,8,X,,t) . Profit after taxes is now [ = (1-a)V + a A,

with V given by (16) and A defined by

T! T -rT -rT!

(23) A={ Y ae bt + [ aeTt - wxe ‘+5Fe *
1 2 %2 %o
0 T,

-r?T
+ ngee
*
Maximizing 1—r with respect to the time path variables gives the same
decision rules (17)-(19) obtained by maximizing V. But with respect to

X,, T

5 Tps and Ti, we now get
-rT T od
(24) (12_._01) % = Wpe 1 see'rT - X Ex_e ey
2 'I'l 2



-rT

1-a) oV 1
(25) ('7%2)‘355 = [a(WX,,8,%,,Ty ) - r WXy le
-rT!
(26) (-139‘)%‘;-{ - R(WE LS TLE +u) + 8 Ele L,

which again introduces tax depreciation components into the investment
decision rules.

Conditions on the depreciation functions that eliminate this tax
bias are obtained by setting the right side of equations (24)-(26) each
equal to zero. A solution to the resulting differential equations can
be written:

T! -rT!

1 5 = -rt - 1 - -
(27) io d(W X ,8 X ,utt)e " dt = - 5,;X; e "+ F,(W X ,8 X ,u)

T -rt -rT
(28) jTF(wzxz’szxz’t)e dt = WX,

1

1 -rT
e - 82X2 e s

which can be verified by differentiating and substituting into the
conditions obtained by setting the right side of (24)-(26) equal to
zero. Making use of the fact that the taxing authorities cannot specify

different depreciation allowances on sunk and future investments, the

u
= ru - o= -rt
arbitrary function F, becomes F, = W X;e = - Jod(wixl,slxl,t)e at,

]
s SR __ er(Tie)
since j; de dt = wlxl - Slxle

is the counterpart of (28)

for the sunk investment. The annuity depreciation formulas,
_ _ -r(Ti+u) -r(T-Tl)
rwixl - rslxle rw2x2 - r82x2e

4, = pyoy £y s ord = - — satisfy
1 l-e r(T{+u) 2 l-e r(T-Ty)

(27) and (28), and are natural candidates, but again would require the

authorities to specify the optimal lives Ti + u and T - 'I‘l for
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each industry and firm. Under the simpler expensing approach we would

have
W2X2 t =0
d2 = 0 0<t< T-Tl
-82X2 t = TFTl

and similarly for d which takes into account in a decentralized

l)
way the fact that optimal equipment life may vary from one firm to

another.

3. Concluding Comments

The phenomena of business income taxes would appear to be a fact
of life that is here to stay. We have attempted to show that if such
taxes are levied on a concept of net business income that requires the
specificaticn of rules governing the manner in which capital outlays
are to be charged as a current expense over time, such rules will, in
general, introduce an artificial influence on investment decision
formulas. Furthermore, there appears to exist no administratively
feasible way to specify neutral write-off rules except to define taxable
income as gross income minus all cash outlays including investment. This
amounts to permitting businesses to fully expense capital expenditures
for tax purposes, and represents the maximum rate of accelerated deprecia-
tion. This procedure recognizes that uitimately profits are the difference
between total cash receipts and total cash outlays, however one might
arbitrarily allocate short-run net cash receipts between something to
which the name "profit" is given and something which is labeled
"depreciation." Eventually, all depreciation scremes wash down to thre

same long-run net cash profit, and it is from this ret profit that taxes
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b

must be paid.8 Somehow, this very simple idea gets lost in the immensely
complicated institutional mysteries of depreciation accounting.

Perhaps the most valuable advantage of fully expensing capital out-
lays is that of introducing administrative and clerical simplicity where
there has tended to exist great complication. Trade sources frequently
report that businesses keep at least two sets of books, one of which is
designed specifically to solve the decision problems created by tax
depreciation accounting. One finds it difficult to see what might be
the social benefits of such activity.

One final point deserves to be made. In current discussions some
have argued that faster tax depreciation write-offs should be allowed
to give the growing firm an advantage. Our analysis suggests that the
write-offs should be fully accelerated, not to give anyone an advantage
but to eliminate an existing disadvantage in the sense that investment .
decision rules are distorted. Also bear in mind that many kinds of
investment—probably our most important kinds-~have always been expensed.

I refer to investment by businesses in the training and further education
of technical and scientific employes, investment in product research and
development, and advertising outlays, all of which are expenditures
designed to increase future earnings. Present tax write-off policies

can hardly be said to have the same impact on a railroad or metal-working
firm as on & pharmaceutical or electronics firm whose investment in
knowledge is relatively far greater and more crucial than their outlays

for durable goods. .
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2.

FOOTNOTES

Smith, V. L. "Depreciation and Investment Theory," ONR Technical
Report No. 105, Institute for Mathematical Studies in the Social
Sciences, December, 1961.

It would seem obvious that the profit motive should drive corporate
management to depreciate assets as rapidly as is permitted under
law. However, many have expressed the opinion that management has
been slow to adopt the liberalized depreciation privileges provided
in the Internal Revenue Code of 1954 [see, e.g., the proceedings of

the symposium Depreciation and Taxes (Princeton: Tax Institute,

1959), pp. 130, 172]. J. Barlow (Ibid., pp. 131-140) mentions
several reasons for this. Besides ignorance or misunderstanding
of the after-tax benefits of accelerated depreciation, there is
the problem that some managements seem to view depreciation
deductions as a cost which adversely affects profits, and the
opinions of bankers and shareholders. This last reason could have
substance if the availability of funds is influenced by short-term
earnings which, under accelerated depreciation, tend to be depressed
in the early years of an investment, but increased in later years.
Also there are the vulgar facts that existing stock options to
management may be less valuable, and profit-sharing programs for
management will be less attractive to present management [cf.

T. N. McDade, Ibid., Chapter III, p. 33 and passim].

Smith, op. cit., p. 9.

Such "normal" life guidelines are provided in the U.S. Treasury's

Bulletin F.



The equilibrium conditions are different if the minimum write-off
%*
periods exceed the optimal life of equipment. If Lo < Lo + u,
*
L<L, and we assume that the "undepreciated" portion of the

asset is deducted at the time of replacement, then

c
O
-x OSt<L°
L
d = o
° c
o (% _
-MO(L°)+L*(L°-u-LO), t =L
(o}

and similarly for the replacement investment. If one computes A

and A' for this case the condition (13) becomes

P CtrCo * -rLo
(1 -a) 3 <% (Lo -u - Lo) + Qre A'. Note that the cost
o L
o]

of the sunk investment influences its replacement, which was not
the case in (13). This demonstrates how sensitive are the decision
rules to the parameters of a given write-off policy, as well as the
policies.

Obviously the Treasury cannot specify a different write-off policy
for sunk than for future replacement assets to be purchased. (lh)
has the same form as (15) since

L

° ~r(u+t)
jo alc, M (L), u+ tle riu

dt
u+lL
o

u
-rt _ -rt
+{J; d[co, MO(LO), tle dt —J; d[Co, MO(LO), tle dat .

This is a profit maximizing extension of the models discussed in

Smith, V. L., Investment and Production, (Harvard University Press:

Cambridge, 1961), Chapter XI, especially pp. 293-298.
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Of course there is the problem that tax payments are "delayed."
But the term "delay" is used only because it is generally believed
that the present non-expensed approach to tax depreciation is
"natural." One could equally argue, that under existing practices,
corporations are making interest-free advance payments to the
Treasury; that the real financial burden or "cost" (in the sense
of foregoing "consumption" distribution to stcckholders) of an
investment occurs in the year of the capital outlay, and therefore
expensing is "natural." The argument, of course, depends ultimately
upon how one proposes to measure income.

But, however one interprets this delay, the fact remains that
Treasury revenues are adversely affected. My proposal for making
up this loss has been to remove the differential treatment of
capital gains. In this respect it is worth noting that a recent
survey of 150 executives in 51 major corporations has revealed
that "managements are willing to give up capital gains treatment
of gains arising from the sale of depreciable plant and equipment
in order to lessen the impact on'Treasury revenue of needed tax
depreciation reform." See R. Milroy, D. Istvan and R. Powell,

"The Tax Depreciation Muddle," The Accounting Review, Vol. 36,

No. 4, October, 1961, p. 5u40.
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